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Annual  Report  N00014-76-C-0053 
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BACKGROUND 

Free-swimming  schistosome  cercariae  penetrate  the  tegument  of  the  vertebrate  host. 
Their  infectivity,  that  is,  their  success  in  penetrating  skin  and  subsequently  maturing,  is 
related  to  various  conditions  to  which  they  are  subjected  during  (1)  their  development  in 
the  snail,  (2)  their  activity  in  the  free-swimming  environment,  and  (3)  their  adjustment  tc 
their  postpenetration  milieu.  During  this  phase  of  the  life  cycle,  several  steps  occur  about 
which  our  knowledge  is  incomplete:  cercariae  emerge  with  variable  infective  potentials; 

4 

penetrated  skin  is  altered;  the  parasite  undergoes  extensive  developmental  changes;  and 
immunological  reactions  are  stimulated.  It  is  probably  during  this  time  that  the  parasite 
is  both  susceptible  to  immune  attack  and  involved  in  the  stimulation  of  protective  im¬ 
munity.  It  follows  that  understanding  the  details  and  ramifications  of  the  process  by  which 
cercariae  infect  their  hosts  and  the  means  of  modifying  this  process  are  fundamental  to 
work  aimed  at  protecting  hosts  against  infection,  which  is  the  purpose  of  this  contract. 
Studies  have  been  conducted  on  4  aspects  of  this  program. 

1.  Effect  of  Different  Snail  Exposure  Levels  on  Parasite  Development  in  Snails. 

It  is  necessary  to  know  what  snail  exposure  levels  best  maintain  development  of  the 
parasite  and  provide  the  largest  cercarial  collections  most  efficiently. 

METHODS 


J 


Previously,  8-10,  6-8,  and  1  miracidium  per  snail  have  been  compared  in  this  regard. 
To  complete  this  series,  for  8  consecutive  weeks  150  snails  of  the  Nmri  line  measuring 
the  usual  diameter  (5  to  7  mm)  were  exposed  individually  each  week  under  the  same  condi¬ 
tions  either  to  8-10  or  to  5  miracidia  each.  From  onset  of  patency  to  death  of  the  snails, 
cercariae  were  collected  twice  a  week.  Records  were  kept  on  a  total  of  2400  snails:  per¬ 
centage  of  exposed  snails  which  became  infected;  duration  of  patency;  and  snail  deaths 
during  both  prepatent  and  patent  periods. 
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r  Cercarial  production  and  rates  of  snail  infection  and  death  were  similar  from  exposures  of 
8-10,  G-8  or  5  miracidia  per  snail.  5-miracidium  exposures  were  most  efficient.  Snails  limit  num¬ 
ber  of  primary  sporocysts  which  develop  regardless  of  number  of  miracidia.  Different  combin¬ 
ations  of  inlraspccific  geographical  strains  of  S.  mansoni  and  Biorophalaria  glabrata.  varied  in 
capability  for  cercarial  production.  Vaccination  potentials  were  similar.  Artificially  transformed 
schislosomulcs  lagged  dS  to  96  hr  behind  in  vivo  in  morphological  and  physiological  changes. 
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RESULTS 


Averago  daily  cercarial  production  is  graphed  in  Figure  1.  Tho  overall  average  for  5- 
miracidium  snnils  was  2582;  for  8-J.G-miracidium  snails,  2323.  Reducing  the  numbor  of 
miracldia  to  which  each  snail  was  exposed  from  8-10  to  5  did  not  roduco  corcariol  pro* 

duction. 
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Death  ralei  of  tho  snails,  both  during  proputoncy  and  patency  of  the  snail  infoctiom, 
woro  (lightly  lower  in  tho  5*  than  in  tho  8-10-mlracldium  snails  (Tabic  I), 


Table  li  l’erc*nta*o  of  Prepotent  «nJ  Patent  Death*  aiionf,  flinlli  Capoied 
to  I  or  S«tO  Mlracidln  Path. 
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The  lovoli  of  mail  expoauro  had  no  appreciable  offcct  on  the  percentage  of  oxpoiod 
•nails  which  became  infected  and  produced  corcariao  (Table  II). 

Table  II,  Percentage  at  Snail ■  which  leceme  Infected  after  Capeiure  to 


1  or  S - 10  Hiracidia  Each. 
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DISCUSSION 


Sovcral  facts  emerged  from  this  experiment:  reducing  the  level  of  exposure  of  snails 
under  theso  conditons  did  not  appreciably  change  any  of  tho  parameters,  although  patent 
and  prepatent  death  rates  were  a  little  lower  in  tho  5-miracidium  snails. 


Tho  finding  that  ooronriul  production  was  not  nffoetod  by  the  numbor  of  mlroeldin 
uiod  hero  for  snail  exposures  it  In  lino  with  tho  obiorvution  in  thli  laboratory  that  a*  a  rulo 
not  moro  than  2  primary  sporocysts  woro  toon  in  a  mail  whether  oxposod  to  2  or  to  many 
mlraoidia,  It  appears  that  thoro  is  a  mochanism  for  limiting  tho  numbor  of  miracldia  which 
dovolop  concurrently  into  primary  sporocysts  in  thoso  snails. 

CONCLUSIONS 

(1)  Tho  moans  by  which  a  limit  Is  sot  on  tho  numbor  of  primary  sporocysts  which 
dovolop  concurrently  in  a  snail  should  bo  oxplored,  (2)  Tho  officiency  of  our  corcariai 
production  would  be  improved  by  reducing  tho  exposure  level  from  8*10  to  5  miracldia 
per  snail,  sinco  a  groat  doal  of  time  and  offort  would  bo  saved. 

4 

2.  Epidemiological  Differences  in  Intrasneclflc  .geographical  Strains  of 

SdilalMUMJUMonL 

i 

Suggestions  havo  been  accumulating  that  geographical  strains  of  S.  memtont  mny  differ 
in  terms  of  epidemiology,  morphology  and  virulenco.  Wo  huve  tested  opidomiologlcnl  vari¬ 
ations  In  two  strains  of  this  parnsito  with  reference  to  corcariai  production. 

METHODS 

i 

The  schistosome  strain  was  maintained  in  tho  snail  strain  in  which  it  was  collected  from 

the  field,  or  in  this  strain  mixod  with  anothor.  Two  strain  associations  woro  used:  Pll  1 
schistosomos  in  M  lino  Diomphalarta  glabrata ;  and  Nmri  schistosomes  in  Nmrl  B,  glabrala. 
Both  of  tho  schistosomo  strains  and  tho  M  lino  snails  woro  from  Puorto  Rico.  PR  1  wns 
collected  in  M  line  snails  in  tho  vicinity  of  Arocobo  in  I960  and  has  boon  laboratory-main¬ 
tained  in  tho  progeny  of  thoso  snails  sinco  that  time.  Tho  Nmri  S.  mantonl  strain  came  from 
eggs  in  tho  stool  of  a  Puerto  Rican  boy  in  a  school  in  Washington,  D.  C.  early  in  the  1940's. 
Tho  Nmri  B.  glabrata  snails  aro  of  mixod  origin:  to  tho  susceptible  pigmented  snails  brought 
originally  from  an  unidentified  location  in  Puerto  Rico  in  the  mid-1940's,  wns  added  a  sus¬ 
ceptible  albino  strain  from  NUI.  Tho  latter  resulted  from  a  cross  of  the  susceptible  pig- 
monied  PR  1  snail  with  a  resistant  albino  snail  from  Brasil. 


I 


Snail  oxpoaura  and  malnlonanco  conditions  wore  the  sumo  for  both  strain  associations# 
Snails  woro  individually  exposed  to  8*10  miracldlu  oach  and  kept  at  27  t  1C.  After  cor* 
cariul  omorgonuo  began  they  woro  housed  in  the  dark.  They  woro  touted  Individually  for 
corcarlnl  emergence  from  the  98th  dny  postoxposuro  by  putting  them  In  a  brightly-Huhled 
warm  box  at  33  to  34C  from  7:30  to  10:30  A.M,  Coreurlao  woro  collected  once  or  twice 
a  wook  undor  tho  snmo  oonditons,  Tho  total  corcnrial  collection  was  calculated  from  counts 
of  four  0.25  ml  aliquots  and  the  average  numbor  of  ccrcarlno  por  snail  was  recorded, 

RESULTS 

Duta  are  graphed  in  Figure  2.  Dally  corcurial  output  by.Nmri  schistosomes  in  Mmri 
snails  was  about  3  timoi  as  high  as  thut  by  Pill  schistosomes  in  M  lino  snails  throughout  tho 
10  month  comparison,  oxcopt  during  May  and  the  first  2  weeks  of  Juno.  During  this  period, 


DISCUSSION 


No  explanation  Is  nt  hand  olthor  for  tho  difference  in  productivity  of  ccrcnrino  by  tho  two 
associations  or  fo*'  tho  temporary  Incrc  «jc  in  corcarinl  output  by  the  Pit  1-M  lino  association 
in  tho  Spring.  Tho  fact  that  thoro  was  such  an  increase  suggests  that  productivity  might 
have  boon  modified  by  environmental  changes,  but  nono  has  been  recognized  to  have  oc¬ 
curred.  It  socms  moro  probable  that  tho  lovol  of  productivity  is  inherent  in  tho  association. 
Data  should  bo  recorded  for  othor  strain  associations  of  S.  munsonl  and  snails. 

CONCLUSIONS 

Corcurini  productivity  by  various  strain  associations  of  schistosomes  and  snail  hosts 
may  vary,  A  buselino  level  of  productivity  should  bo  ostublishod  for  tho  various  parasite 
strains  in  thoir  maintenance  snail  hosts. 

3.  Immunological  Differences  in  IntrnsnoclfL  Strains  of  Schttotoma  mtmronl 
(with  Drs.  David  Dean  and  Allen  Choover).  Attempts  arc  in  progress  in  scvcrul  laboratories, 
including  our  own,  to  develop  an  effoctivo  vaccine  to  protect  man  against  infection  with 
this  parasite.  It  is  essential  to  know  whether  inirnspociflc  geographical  strains  will  cross 
protect.  Capacity  for  cross  protection  has  been  tested  in  several  trials.  If  strains  arc  cross 
protective,  a  monovalent  vaccino  will  servo.  If  thoy  are  not  cross  protective,  u  polyvalent 
vaccine  will  be  required.  Tho  capacity  for  cross  protection  has  been  tested  preliminarily 
in  sovcral  trials. 


METHODS 

In  one  sorics  of  experiments,  130  NMKI  mico  (NIII/NMUI  (CV))  were  vaccinated  with 
about  000  ccrcnrino  which  had  been  attenuated  by  irradiation  with  50  kit  of  00coball, 
Tho  ccrcnrino  were  applied  pcrcutnncously  to  tho  mouse  tails.  Six  to  8  weeks  later  the  mice 
were  challenged  pcrcutaneously  with  non-irradinted  ccrcnrino.  Eight  weeks  later  the  worms 
wero  perfused  from  tho  mico  and  counted.  All  worms  were  from  tho  challenge  exposure, 
sineo  the  attenuated  immunizing  cercnrine  do  not  live  to  maturity.  Schistosome  strains 
used  are  shown  In  Tables  3  and  4.  Tho  numbers  wero  compared  with  those  from  clean  mice 
exposed  concurrently  with  tho  challenge  exposure  of  the  vaccinated  mice,  and  the  percent¬ 
age  reduction  was  calculated.  (Table  3). 


In  unolhor  *erlc*  of  experiment*,  protection  afforded  inleo  by  a  chronic  Infection  wan 
studied.  A  wlmilur  number  of  CB71JJ/K*»J  mice  which  had  chronic  Infection*  of  8,  miiiwml 
were  challenged  with  130  eercnrlne  10  week*  after  the  inltlul  exposure,  They  were  perfused 
4  week*  after  challenge,  Worm*  of  Initial  and  challenge  Infection*  were  Identified  by  n\’/,t>, 
Worm  burden*  of  experimental  and  control  mleo  woro  compared  a*  nbovo.  Strain*  lined  are 
*hown  in  Table  4. 

RESULTS 

The  tabulation*  (Table*  3  and  4)  prevent  the  finding*,  A*  indicated  by  blanks  In  Table  3, 
experiment*  are  still  in  progress.  Dlugonuls  nIiow  homologous  strain  protection. 
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Greater  protection  wum  afforded  tlio  CD7  black  mice  by  chronic  Infections  than  the 
NMR1  mien  by  vacclmitlon,  with  the  strains  used,  With  chronic  Infections,  homologous 
strain  protection  was  a  little  greater  than  heterologous,  With  vaccination,  heterologous 
strain  protection  was  about  the  same  as  homologous,  with  the  possible  exceptions  of  the 
Egyptian  and  l'ft  1  strains, 

This  work  Is  Incomplete,  Discussion  and  Conclusions  seem  unwarranted  at  this  time, 
Indications  are,  howover,  that  cross  protection  can  bo  expected  with  some  of  the  combina¬ 
tions, 


4.  Pine  ur *il _f2^_^Aj;t  1  fi<ii ftl l y Lyj:lK£iL_M4di ifit/i' ttoi umlfia 


(With  Dr.  Carolyn  Cousin), 

Our  earlier  work  showed  that  transformation  of  penetrating  corcnrlaa  (In  vivo)  Into 
sehlstoHomulcs  was  complete  within  1  hour  Insofur  as  the  features  studied  were  concerned. 
In  contrast,  schlstosomules  produced  by  other  moans  (in  vitro)  transformed  more  slowly 
(Cousin,  Stlrewult  und  Dorsey,  In  press.  Exi>«rlm<mlal  Pnmltology),  It  is  our  plan  to  set 
up  a  comparative  timo  tublo  describing  transformation  of  the  variously-derived  schistose- 


mules, 


METHODS 

Schlstosomules  wore  proparod  by  the  appropriate  artificial  method  and  cultured  In 
ELAC  (lactfllbumln  hydrolysate  in  Earle’s  salts)  at  37  C  In  C02/nlr  for  up  to  D  (lays,  At 
1,  G,  24,  48,  OG  und  120  hr,,  organisms  were  fixed,  stained,  sectioned  and  studied  with  EM 
as  doscrlbod  In  Annual  Iloport  No,  4  (FY  7b),  Thoir  development  was  compared  with  that 
of  In  vivo  postpenetration  larvae. 

Methods  for  sehlstosomulo  preparation  wore  as  follows,  In  vivo  —  corearlae  which  had 
penetrated  mouse  oar  skin  In  situ  were  recovered  from  the  excised  skin  after  Its  maceration, 

Rat  skin  —  abdominal  skin  of  young  female  rats  wus  excised,  (ho  dermis  removed,  and 
the  skin  dried  overnight  In  vacuo  at  room  temperature,  In  a  suitable  system,  ecrcnrinc  were 
applied  to  the  skin  surface,  'allowed  to  penetrate  and  collected  in  ELAC  as  schlstosomules 
(Stlrcwalt  and  Pregeau  100(1). 

Shoar  —  corearlae  woro  passaged  14  to  1G  times  through  a  No,  22  gauge  Injection  noodle 
fitted  on  a  30  ml  syringe,  and  cultured  in  ELAC  at  37  C  for  two  hr,  (Colley  und  Wlkel 
1074). 


(Jcntrlfugullon  octnuirliio  were  cooled,  centrifuged,  lempcmluNHnimipuIiited,  Vor* 
toxed  itnd  cultured  in  KU AO  at  117  0  for  40  min.  (fins', /.Inolll  el  ul  1074), 

Omnimix  —  cerenrlne  wore  stirred  In  nn  Omnimlx  mixer  modified  by  substliuUnn  of  u 
blunhal  plastic  Idude  for  the  muUil  mm,  Mixing  was  fo)  7  see,  id,  (he  medium  ■elllnj;.  Organ 
isms  wore  incubated  In  FLAG'  ul  .17  C  for  2  hr,  (Dorsey  and  Oousin  in  press,  Journal  of  Para* 
Blloloyy), 

Hat  serum  ™  eereariae  were  centrifuged  and  Incubated  for  .1  hr,  in  BQVt  rut  serum  In 
15LAO  uf  .17  0  (Evelund  nnd  Morse  1078). 

Bach  of  these  experiments  was  done  with  at  least  0  different  pools  of  eereariae,  rising 
20  to  80  eereariae  ouch  time.  Organisms  of  each  derivation  were  tested  for  stage  of  trims* 
formation  by  the  parameters  llsled  in  Table  6,  The  fine  slruciural  descriptions  which  i'.avo 
been  completed  are  outlined  in  Table  0, 


RESULTS 

Functional  testing  of  the  slide  of  transformation  of  sehlslosomub's  derived  artificially 
and  comparison  of  them  with  in  vivo  poslpenet ration  seblslosonuiles  and  cereurlao  are 
tabulated  (T»i»lo  V).  Data  in  the  far  right  column  and  the  bottom  line  have  boon  added  lo 
the  table  since  Annua!  Heport  No.  4.  It  will  he  noted  that  eereariae  which  penetrated  skin 
in  sllu  on  a  living  host  or  in  vitro  us  excised  dried  rat  sldn  developed  at  essentially  the  same 
rate,  Assessment  of  schlstosomulnr  status  by  Ihe  parameters  listed  in  Table  V  confirms 
earlier  indications  that  eereariae  stimulated  artificially  lo  transform  without  skin  pene* 
trillion  did  so,  but  the  ehuuges  occurred  more  slowly.  Schlstosomuies  of  all  derivations 
were  able  to  mature  after  injection  Into  mice. 
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Tabulation  of  II wi  schedule  of  tlovdopmcnfc  In  in  vivo  schlHlosuimiles  (In  nI< In  after  pane* 
trillion)  It  complete  In  Table  VI,  except  for  two  additional  aspects:  tegumental  hcplula* 
mlnnllon  urn!  change  of  cell  nuclei  from  cerenrlal  holerochroinasy  to  the  ouchrommiy  uham* 
ctcrlstlo  of  HchlMloHoimihw.  Moth  occurred  In  In  vivo  ttchlslosomulen  within  1  hr,  , 

*  ■  '  V 

Study  of  the  fine  atruelurnl  changes  In  urf Iflclulty-dorlvcii  flchlslosomules  which  wore 
cultured  In  vitro  through  5  days,  wet  delayed  by  the  finding  thut  our  culture  medium  wet 
Inadequate  to  support  the  organisms.  Transforming  cultured  oiganlsms  begun  lo  show  vesl* 
dilution  within  0  hr,  end  most  died  within  the  0  duy  culture  period.  A  now  end  telltifectory 
culture  system,  thut  of  Dr,  Paul  l.iiscli,  hut  been  udopled,  Heelions  of  timer  pressure  end 
centrifuged,  mpornlnre  scMsfoinmiilKH  ciiHurerl  through  It  day*  are  In  process  of  Ninety . 
Shuar  pressure  tchlolonoimilca  followed  the  transformational  schedule*  of  In  vivo  schisto* 
somulcs  more  closely  then  those  of  other  artificial  derivations  except  rat  skin  organisms, 
They  paced  In  vivo  transformation  us  assessed  by  lu'ptulemlnnllou  of  the  surface  membrane 
(1  hr,),  tegumental  infolding  (48  hr.),  and  tegumenlally  directed  extrusion  of  cyton  granules 
(1  hr,),  Change  from  helerochromatlc  to  dichromatic  nuclei,  however,  was  delayed  In  the 
artificially  derived  organisms,  This  did  not  occur  until  48  hr,  in  shenr  pressure  schlsto* 
somuN  as  compered  with  T  hr.  in  In  vivo, 

Krem  the  wealth  of  morphological  description  of  transformation  of  cerearlne  to  schlsto* 
somulou  In  vivo  (Table  VI),  several  parameters  have  been  selected  as  critical  Indlcalors  of 
transformation,  These  will  bo  emphasized  In  the  continued  comparison  of  later  development 
of  artificially-derived  schlnlosomulos:  surfaco  membrane  heptnlamlnatlon;  tegumental  In* 
folding;  modification  of  the  glycocnlyx  a#  Indicated  by  loss  of  Cllll  capacity  (the  Ag/Ab 
reaction  which  results  In  (he  seroenvolupc  around  eercarlfiu);  and  the  nuclear  change  from 
hetoro*  to  ouchromasy, 
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In  the  course  of  the  year,  two  new  procedures  have  been  developed  which  have  contri¬ 
buted  materially  to  this  work.  One  is  a  simplified  way  to  induce  cercariae  to  transform  to 
schislosomules.  Cercariae  were  centrifuged  x  lOOOg  at  room  temperature  for  7  min.,  the 
stipernate  discarded  and  the  organisms  incubated  in  ELAC  at  37  C  for  3  hr.  They  remained 
tailed,  but  the  bodies  satisfied  the  requirements  for  schislosomules. 

The  other  new  procedure  is  an  additional  way  to  distinguish  schislosomules  from  cer¬ 
cariae,  i.e.,  by  freezing.  It  has  not  been  possible  to  freeze  cercariae,  store  them  in  liquid 
nitrogen  (-196  C),  thaw  them  and  recover  any  in  a  viable  stale.  By  contrast,  about  90% 
or  more  of  schislosomules  so  processed  are  viable;  up  to  70%  are  essentially  norma!  in  ap¬ 
pearance  and  movement. 

DISCUSSION 

Apparently,  cercariae  transformed  to  schislosomules  under  a  variety  of  conditions, 
for  all  the  methods  tested  produced  transformed  organisms.  Transformation  progressed, 
however,  at  different  rates  with  the  various  methods.  In  terms  of  the  3  parameters  used 
in  Table  VII,  the  cercariae  changed  fastest  after  penetration  of  skin,  whether  in  situ  on  a 
living  host  or  in  vitro  through,  dried  rat  epidermis. 

Table  VII.  Ranking  of  Variously-derived  Schistosoma  marisohi  Schislosomules  According 
to  the  Speed  with  which  Three  Specific  Changes  Occurred. 
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Thai  schistosomules  were  eventually  produced  by  all  methods  studied,  is  important. 
When  this  assessment  is  complete,  methods  of  cercarial  conversion  can  be  chosen  rationally 
in  terms  of  the  type  of  organism  needed.  Two  more  types  of  schistosomules  remain  to  be 
examined:  those  produced  (1)  over  skin  surface  lipid  and  (2)  after  centrifugation  only. 

The- obvious  next  phase  is  a  sorting  out  of  the  steps  in  each  method,  to  identify  the 
transformation  trigger  and  to  describe  the  responses  of  the  organisms  and  the  biological 
mechanisms  of  change.  Clarification  of  these  rnay  open  new  avenues  of  control  of  the 
disease  by  preventing  transformation  of  cercariae  to  schistosomules. 

CONCLUSIONS 

Schistosomules  may  be  produced  from  cercariae  by  many  different  methods.  Rates  of 
transformation  vary  with  the  method.  The  key  to  the  transformation  trigger  (s)  and  the 
organisms’  mechanisms  of  response  should  be  identified. 


SIGNIFICANT  ACCOM PLISIIM ENTS 


1.  The  most  efficient  exposure  level  for  snails,  using  Nmvi  strains  of  Schistosoma  mansoni 
and  liiomphalaria  glabrata,  was  established  for  our  conditions.  It  was  5  miracidia  pe.  snail. 
Cercarial  output  was  not  increased  by  raising  the  exposure  level. 

2.  Intraspecific  strains  of  S.  mansoni  were  found  to  vary  in  cercarial  productivity.  PR  1 
S.  mansoni  in  M  line  B.  glabralu  provided  only  about  1/3  as  many  cercariac/snail/day  as 
Nmri  parasites  in  Nmri  snails  under  the  same  conditions. 

3.  Cross  protection  by  intraspecific  strains  of  S.  mansoni  was  demonstrated  in  mice.  Among 
the  strains  used  for  immunization  and  challenge,  there  was  some  variability  in  the  level  of 
protection.  Greater  protection  was  afforded  mice  by  a  chronic  infection  than  by  vaccination 
with  irradiated  coreariae. 

4.  Cercaria-schisloscmule  transformational  morphological  changes  have  been  described  in 
detail  under  natural  condiions.  These  changes  occurred  in  the  parasite  surface,  tegument, 
tegumental  secretory  cells,  body  cell  nuclei  and  digestive  tract. 

5.  A  new  simpler  method  of  producing  schistosomules  has  be'';,  developed.  It  consists 
merely  of  centrifuging  cercariae  and  incubating  them  for  3  hr.  at  37  C  in  a  culture  medium. 

6.  An  additional  criterion  for  distinguishing  schistosomules  from  cercariae  has  been  shown 
to  be  the  capacity  of  schistosomules  to  recover  after  storage  in  liquid  nitrogen  (-196  C). 
Cercariae  handled  similarly  die. 
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PLANS  FOR  THE  FUTURE 

1  Continue  EM  study  of  Hie  morphological  changes  oc<  arring  in  vitio  from  24  lo  120  iir. 
as  cercariae  transform  to  schistosomules  after  artificial  stimulation. 

2.  Describe  chemically  and  biologically  the  anlkcrcarkl  effect,  of  rotifer-conditioned  water. 

3.  Continue  study  of  the  most  efficient  techniques  for  high-ic'.ei  production  of  Schistosoma 
mansoni  cercariae. 

4.  Test  an  in  vitro  model  system  for  studying  mechanisms  of  ceu  aria!  penetration:  Nit  ex 
screens  or  other  suitable  artificial  sun  .'.rates. 

5.  Analy*.  the  transformation  trigger  and  the  parasite  reaction  involved  in  (he  cercaria- 
schistoscmule  conversion. 

6.  Expand  the  cross  protection  studies  using  cercariae  of  other  strains  than  PR1  for  the 
immunizing  strain. 
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